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Description

Background of the Invention

The present invention relates generally to 2,2'-bipyridyl compounds, and more particularly to an improved process
for the preparation of 2,2'-bipyridyls which is characterized by the novel use of a supported elemental nickel catalyst
and methods for reactivating and for extending the useful life of the same.

2,2'-Bipyridyl compounds are among the most useful of pyridine derivatives. They have demonstrated significant
economic and technological importance as chelating agents and paint additives and in improved coating compositions.
See G.M. Badger & W.H.F. Sasse, Adv. Heterocyclic Chem. 2, 179 (1963) and U.S. Patent No. 2,526,718 to G.K.
Wheeler. They are also widely used to form bridged quaternary salts, commonly known as Diquats which have important
herbicidal properties. See L.A. Summers, "The Bipyridinium Herbicides," Academic Press (1980).

Although other routes to 2,2'-bipyridyls have been reported, one of the more advantageous syntheses has been
the action of a Raney nickel metal catalyst on pyridine at elevated temperatures. The importance of this catalyst for
other reactions harkens back to the early work of Dr. Murray Raney, who originally described the formation and use of
a skeletal nickel prepared by treating a nickel aluminum alloy ("Raney alloy") with a caustic material such as sodium
hydroxide to leach out the aluminum metal. The resulting skeletal nickel structure has a high surface area compared to
other nickel forms, and has been the catalyst of choice for the preparation of 2,2'-bipyridyls from pyridine bases. A
primary focus in this area has in turn been to characterize the most preferred ratio of nickel to aluminum in the Raney
alloy used and to develop devices and techniques to optimize the conditions and use of the Raney nickel catalyst once
made. See, e.g., U.S. Patent No. 3,822,279 to Joy et al.; Chem. Abstr. Vol. 78, 111132z (1973); U.S. Patent No. 3,053,846
to Varcoe; and Chem. Abstr. Vol. 70, 3770g (1969).

Despite its long-standing predominance, Raney nickel and the processes for its use have also demonstrated sig-
nificant disadvantages. For example, Raney nickel is a fine powder or a wet sludge which severely complicates its
handling and use. Early-on, the 2,2'-bipyridy| reaction was carried out by simply refluxing pyridine on the Raney nickel.
It was then discovered that this led to rapid deactivation of the catalyst which has been attributed by some to this pro-
longed contact with the 2,2'-bipyridyl product itself. See Badger & Sasse, supra, p. 199 which reports that "[t]he formation
of 2,2'-bipyridine ceases after 50 hours of refluxing." and U.S. Patent No. 3,053,846 to Varcoe. In later work, alternative
reaction schemes and equipment were developed, often focusing on some means whereby pyridine vapors are con-
densed over and then the resulting hot liquid allowed to stand in contact with the Raney nickel catalyst and slowly filter
through the bed in a fashion somewhat similar to a common Soxhlet extractor. This method was thought an improvement
because the newly condensing pyridine liquid was intended to displace the previous reaction products in hopes of short-
ening the period over which the catalyst remains in contact with the 2,2'-bipyridyl formed. Compare, U.S. Patent No.
3,053,846 which reports a recovery of 0.0231g of 2,2'-bipyridyl/g Ni‘h against W.H.F. Sasse, Org. Syn. Coll., 5, p. 102
(1973) which reports only 0.007g of 2,2'-bipyridyl produced per g of nickel catalyst per hour. However, while such later
processes are feasible, their equipment is often difficult and expensive to build and operate especially when attempting
to scale up from the laboratory to the industrial level. Additionally, notwithstanding the many efforts to optimize the use
of Raney nickel catalyst, such reactions have demonstrated relatively low rates of conversion to 2,2'-bipyridyls.

In addition to these difficulties, Raney nickel with its skeletal structure is well known to be extremely pyrophoric
which presents significant other problems in processing and handling. See R. Habermehl, Chem. Eng. Progress, Feb.
1988, pp. 16-19. Moreover, the caustic substances used to treat Raney alloy in forming the catalyst are commonly
aqueous solutions. The Raney nickel is thereby formed as an aqueous paste from which the water must be removed
for use in this and many other reactions. This step has proven to be particularly dangerous and expensive, and has
been the subject of several patents in the field. For example, the Sasse article in Org. Syn. Coll., 5, reported drying
Raney nickel catalyst at 25-30°C under partial vacuum (17-20mm) over 4-12 hours while emphasizing caution and
noting that when heated under vacuum, Raney nickel catalyst may suddenly give off large quantities of heat and hydrogen
resulting in a dangerous explosion. See also, U.S. Patent No. 3,152,137 to Lang et al. (and corresponding British Patent
No. 899,015); and British Patent No. 948,956. The production of Raney alloy itself also involves a costly process requiring
extreme conditions, see U.S. Patent No. 3,822,279 to Joy et al., and disposal of spent Raney nickel catalyst is compli-
cated because it has been identified as a carcinogen. See A. Agoos, Chemical Week, Dec. 10, 1986, pp. 44-47.

Another prevalent problem has been that Raney nickel catalyst tends to suffer a significant loss of activity as the
reaction proceeds. Those skilled in this field have yet to discover an effective way to reactivate such a catalyst once it
has lost part or all of its activity. One method reported to have some success is to wash the spent Raney nickel with an
alcoholic solution of an alkali metal hydroxide such as KOH. See British Patent No. 1,202,711. Still further, although not
addressing reactivation, the initial activation of such pyrophoric catalysts was generally discussed in U.S. Patent No.
3,560,404 to Jung et al. which introduced the catalyst into a non-aqueous organic liquid and in contact with reducing
agents such as hydrazine, borohydrides, or hypophosphites until the development of gaseous hydrogen occurred.

The mechanism of this deactivation of Raney nickel through use is not well understood, although as previously
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discussed some attribute it to prolonged contact of the catalyst with the 2,2'-bipyridyl product. Still other speculation has
been that deactivation may be attributed to oxidation of the Raney nickel itself. In any event, deactivation of such catalysts
has been a major concern in the field.

Although this background has concentrated thus far on Raney nickel, other types of catalysts have also been re-
ported in the art for the formation of 2,2'-bipyridyls from pyridine bases. Contrary to any perception that oxidation of
metal sites deactivates such catalysts, it is interesting to note that British Patent No. 1,377,213 reported the use of
various metal oxides including nickel oxide in the formation of 2,2'-bipyridyls. However, the rates of formation for such
2,2'-bipyridyls were low even when the oxides were supported on an inert support and subjected to temperatures and
pressures as high as 340°C and 800 psig. Similarly extreme conditions were used by two researchers who reported
obtaining 2,2'-bipyridy| by heating pyridine in the presence of a nickel-alumina catalyst in an autoclave at 320°C to 325°C
and at pressures of 42 to 44 atmospheres. See J. P. Wibautand H. D. Tjeenk Willink, "A Method of Synthesis of 2,2'-Dipy-
ridyl by Catalytic Dehydrogenation of Pyridine Under Pressure," Recueil des Travaux Chimiques des Pays-Bas, Vol. 50,
1931, pp. 287-290. Still other reported catalysts include: Ziegler catalysts (U.S. Patent No. 3,697,534 to Waddan et al.);
salts of certain noble metals (British Patent No. 1,014,076 and Badger & Sasse, Adv. Heterocyclic Chem. 2 (1963));
mixtures of nickel and aluminum (Chem. Abstr. Vol. 94, 208723m (1981) and Chem Abstr. Vol. 99, 139784w (1983)); a
Grignard reagent (British Patent No. 1,060,661); and certain metal or metal alloy bodies impregnated with an alkaline
solution of reducing agent (British Patent No. 1,009,895). All of these have been reported with varying low levels of
success.

Itis in light of this extensive background that the applicants entered their study in an attempt to discover an improved
process and catalyst for the preparation of 2,2'-bipyridyls which are more convenient and effective from all aspects than
the prior art Raney nickel and other processes.

Summary of the Invention

The applicants' invention addresses the various problems of the prior art and provides a commercially significant
process and catalyst for the preparation of 2,2'-bipyridyls which avoid the problems inherent with Raney nickel catalysts
and at the same time achieve substantial technological and commercial advantages. This is accomplished by reacting
a pyridine base in the presence of a nickel catalyst which comprises a significant amount of elemental nickel bound on
a suitable high-surface area support. Preferably the total nickel content is 40-60% by weight. The reaction takes place
at a temperature of 200-240°C and at a pressure sufficient to maintain at least some of the base in a liquid state during
the reaction.

In various embodiments, the applicants' invention is further characterized by reacting the pyridine base over a sup-
ported catalyst in which at least about 30% of the nickel present is in the elemental, nonoxidized state. Temperatures
of about 215-225°C have been more preferred with a pressure of preferably about 130 psig (8.957 x 10 5 Pa), with the
most preferred temperature being about 220°C from testing thus far performed. Pressures about equal to or greater
than the autogenous pressure of the base at the temperature of the reaction have also been preferred, depending upon
the reactor design being used. Suitable supports have included silica, alumina, kieselguhr, and blends of silica and
alumina, with alumina alone being most preferred. Methods for forming the catalysts have included known techniques
such as impregnation, precipitation and co-precipitation of a nickel salt on or with the selected support material. Once
formed, the supported catalysts have been stable highly porous particles of varying shapes such as pellets, spheres,
extrusions and tablets and ranging in size generally from about 1/16-1/4 inch (about 0.16c¢m-0.64cm) in diameter. The
catalysts tested have also varied in nickel loading, with most preferred being about 50-60% nickel on alumina as found
in catalysts commercially available from the Calsicat Division of Mallinckrodt, Inc. under the series name "Calsicat". Of
this nickel present, catalysts with higher amounts exceeding about 75% and approaching about 100% by weight of the
nickel in its elemental, activated state have produced the best results.

In other embodiments, the applicants' invention has to date favored two specific routes to preparing 2,2'-bipyridyls
in the improved process outlined above. The first is a liquid phase reaction involving pumping a stream of pyridine base
through a standard hot tube reactor. The second is a catalytic distillation-type reaction using a pressure still having a
column containing an amount of catalyst and the pyridine base introduced into the column, but with the 2,2'-bipyridyl
product taken off the bottom of the still. In each of these reactions, the applicants have also discovered effective methods
for extending catalyst life and activity. Preferably the catalyst is treated with an activating solution containing a borohy-
dride salt and ammonium hydroxide. In the tube reactor, for example, an amount of a methanolic solution of sodium
borohydride and ammonium hydroxide was included in the pyridine feed which improved and extended the activity of
the supported elemental nickel catalyst. A similar improved result was achieved with the catalytic distillation by including
an amount of ammonium hydroxide in the pyridine feed and passing gaseous hydrogen up through the catalyst bed in
the column.

In all cases, the applicants' discovery avoids many of the mechanical and chemical disadvantages encountered
with Raney nickel and other prior art processes by utilizing a catalyst which is more conveniently handled, provides
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improved rates of 2,2'-bipyridyl formation, and is particularly amenable to extended catalyst life and activity and to
scaled-up commercial applications.

Related objects and variations as to the detailed aspects of the invention will become apparent from the following
description of the preferred embodiment.

Description of the Preferred Embodiment

For the purposes of promoting an understanding of the principles of the invention, reference will now be made to
the various embodiments and specific language will be used to describe the same. It will nevertheless be understood
that no limitation of the scope of the invention is thereby intended, such alterations and modifications and such further
applications of the principles of the invention as described herein being contemplated as would normally occur to one
skilled in the art to which the invention relates.

In accordance with the discussion above, in one embodiment the applicants have discovered a commercially sig-
nificant process for the preparation of 2,2'-bipyridyls which improves substantially upon those previously known. This
preferred process involves reacting a pyridine base at elevated temperature in the presence of a nickel catalyst which
comprises a significant amount of elemental nickel bound on a suitable heterogeneous, high-surface area support. This
reaction is effectively performed at a temperature of 200-240°C and a pressure sufficient to maintain at least some
pyridine base in a liquid state during the reaction. More preferred have been catalysts in which the nonoxidized, elemental
nickel present approaches about 100% by weight of the total nickel component, and pressures about equal to or greater
than the autogenous pressure of the base at the temperature of the reaction.

Referring now to the catalysts themselves, the support upon which the elemental nickel is dispersed can be one of
many suitable heterogeneous supports known in the art which are capable of withstanding these reaction conditions.
For example, common supports such as silica, alumina, kieselguhr, and blends of silica and alumina are suitable for the
applicants' processes as described herein. Methods for forming the catalysts can include one of several known tech-
niques such as impregnation, precipitation and co-precipitation of a nickel salt on or with the selected support material.
Other characteristics such as the size and shape of the support are influenced by many factors including the amount of
catalyst surface area desired, the ease and method of handling proposed, desired flow characteristics, and the like. To
date, the applicants have effectively used supports shaped as pellets, spheres, extrusions and tablets and having sizes
ranging generally from about 1/16-1/4 inch (about 0.16cm-0.64cm) in diameter. In any case, the choice of a support,
including its size and shape, for use in a particular reaction is both within the skill of those in the art and within the scope
of the invention herein.

The applicants have also investigated catalysts having varying degrees of nickel loading on the supports. The cat-
alysts tested thus far have varied from about 30-60% nickel by weight, with the remaining portion being attributable to
the support. These catalysts have performed effectively and have been easily prepared by known procedures such as
impregnation of the support with a suitable nickel salt such as a nitrate followed by calcination and reduction. See |.
Chen and D. Shiue, "Reduction of Nickel-Alumina Catalysts," Ind. Eng. Chem. Res., 27, 429-434 (1988); and |. Chen,
S. Lin, and D. Shiue, "Calcination of Nickel/Alumina Catalysts, Ind. Eng. Chem.

Res., 27, 926-929 (1988). Other suitable means, such as by precipitation and co-precipitation, are also known in
the art as are many commercially available catalysts from sources such as the Calsicat Division mentioned earlier. From
this testing, no minimum threshold or maximum loading of nickel on the support has been shown to exist. It can be said,
however, that increased nickel loading has generally produced increased product yields, with the applicants' preferred
range of loading thus far being about 50-60% nickel by weight.

Regarding the state of nickel on the support, the applicants have studied catalysts in which a wide range of the
nickel present is in its elemental, activated state. It has generally been found that increasing the elemental nickel content
has yielded better results, but without any minimum or threshold level being shown. For that reason, it is considered
that any catalyst comprising a significant amount of elemental nickel dispersed or otherwise bound on a suitable,
high-surface area support will work in the applicants' process and is within the scope of the invention herein. In this
regard, the term "significant" is meant to include an amount of elemental nickel present on the support that is effective
in achieving improved rates of 2,2'-bipyridyl production such as those expressed in the specific Examples below. From
testing to date, preferred is an elemental nickel content in excess of about 30% by weight of the total nickel component.
Particularly with a commercially available catalyst having some initial degree of activation, such as those identified in
the paragraph to follow, the applicants have at times increased this activity by an initial pretreatment through heating in
a stream of hydrogen or by pretreatment with a sodium borohydride/ammonium hydroxide/methanol solution similar to
that described in M. Scaros, H. Dryden, J. Westrich, O. Goodmonson and J. Pilney, "Activation of a Commercially Avail-
able Nickel on Alumina Catalyst," Catalysis of Organic Reactions, Ed. P. Rylander, 11th Org. Reaction Cat. Soc. (1988).
The extent of this pretreatment would then determine the final percentage of elemental nickel present on the catalyst.

In this regard, testing to date has shown one catalyst of choice to be a 56% elemental nickel-on-alumina material
marketed by Calsicat under the name Calsicat E-230. Another preferred catalyst from this same source has been Calsicat
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E-235 which is initially 43% elemental nickel-on-alumina. Still other suitable catalysts for the applicants' process which
are marketed commercially for other purposes appear in the Examples below. Sales or advertising literature, where
available, is also being provided for each such catalyst and is hereby incorporated herein by reference as to all relevant
aspects thereof.

As to conditions for the applicants' process, reactions have been effectively conducted at temperatures of about
200-240°C which is above the boiling point of pyridine at atmospheric pressure. More preferred have been temperatures
of about 215-225°C, with most preferred being about 220°C. Testing has shown that temperatures significantly lower
than these result in very low conversions of 2,2'-bipyridyls, while significantly higher temperatures result in rapid catalyst
deactivation. To accomplish the preferred reactions, pressures have been maintained in the reaction vessel sufficient
to maintain at least some of the pyridine base in a liquid state during the reaction. More preferably, the reactions have
been conducted under pressures about at or above the autogenous pressure of the pyridine base at the reaction tem-
peratures used in order to more substantially maintain its liquid state depending on the procedure used.

Referring now to two specific routes to 2,2'-bipyridyl production which have been favored by the applicants, the first
involves a tube reactor through which a stream of pyridine base is pumped preferably in its liquid phase while the second
involves a catalytic distillation-type reaction. In the former, 2,2'-bipyridyls have been prepared in effective yields by
pumping a liquid stream of pyridine base through a tube reactor which has been packed with an amount of the applicants’
supported elemental nickel catalyst as defined above. The tube reactor used thus far has consisted generally of a 4
inch (10.2cm) length of 3/4 inch (1.9cm) diameter stainless steel tubing (0.065 inch (0.165¢cm) wall thickness, 0.62 inch
(1.57cm) inner diameter, and 19.8 cm3 volume) provided at each end with a Swagelok cap. Once filled, the reactor was
immersed in a standard commercially-available hot sand bath, and pyridine base was pumped through the tube at the
desired rate using a conventional low-volume, high pressure piston pump. Although many others equally or more suitable
exist, applicants to date have used an Eldex A-30-S pump available from Eldex Laboratories, Inc. of San Carlos, Cali-
fornia. This pump was connected to the reactor via standard 1/8 inch (0.32cm) stainless steel tubing. A back-pressure
regulator was used to control the pressure of the pyridine within the reactor. The reaction mixture exited the reactor
through standard 1/8 inch (0.32cm) stainless steel tubing, passed through an air-cooled product condenser and was
collected in Whitey stainless steel sample cylinders. Temperatures and pressures have been maintained in the tube
reactor consistent with those indicated above. Effective flow rates were varied from about 40-500 g pyridine base/hr
with the above reactor, which equates to a space/time velocity from about 2-100 g pyridine base/ml catalyst/hr. These
rates in turn gave conversions to 2,2'-bipyridyl product ranging from about 4-1% by weight, respectively, using the pre-
ferred Calsicat E-230 catalyst. This inverse relationship of flow rate to product yield is understandable as decreasing
the contact time of base with catalyst in the reaction zone would be expected to produce a lower net yield. Nevertheless,
this high-volume/low net approach may be advantageous in many situations when comparing effective product yields
over acertain quantity of catalyst and time period. This relationship may be expressed as grams of 2,2'-bipyridyl| produced
per gram of nickel catalyst per hour of reaction. A shorthand version of this measurement used in the Examples below
is expressed as "g/g/h".

Other considerations such as increased catalyst life and decreased rates of fouling, ease of recycling, equipment
capabilities and the like may also lead those skilled in the art to operate under differing flow rates or other conditions in
order to maximize the benefits achieved in practicing the applicants' process. Such decisions are well within the knowl-
edge of such persons, and are within the scope of the invention herein. For example, the unfractionated product outflow
has preferably not been recycled back through the reactor because the applicants' work has suggested that this leads
to the more rapid inactivation of catalyst. Instead, this reaction mixture has been collected and the 2,2'-bipyridyl removed
using conventional distillation techniques before recycling the unreacted base.

Inanother aspect of the invention, it has been discovered that the pyridine base feed can be spiked with an extremely
small amount of a methanolic solution of sodium borohydride and ammonium hydroxide to both activate and extend the
useful life of the applicants' catalyst without leading to a significant increase in by-product formation. The preferred
spiking or additive solution was prepared by adding 12.6ml of a 29% ammonium hydroxide solution to 40ml of methanol
and dissolving 0.6 grams of sodium borohydride in this mixture. Effective results have been observed when the feed
stream was spiked with only about 0.1-0.2% by weight of this additive solution in respective runs, as is specifically noted
in the Examples below. Optimizing the preparation, amount and use of such an additive solution for a given reaction is
within the skill of the art, as is the selection and use of other possible spiking agents. The same are accordingly within
the scope of the invention herein.

As already stated, the applicants' second favored route is a catalytic distillation-type procedure. In general, a catalytic
distillation involves a process and apparatus wherein both vapor and liquid may be brought in contact with the catalyst
held in a column bed with the reaction products being simultaneously separated by fractional distillation from the resulting
lower- and higher-boiling materials. Further descriptions of such reactions and the equipment employed are found in
U.S. Patent No. 4,336,407 to Smith and in articles by J.D. Shoemaker et al., "Cumene by Catalytic Distillation," Hydro-
carbon Processing (June 1987) and W.P. Stadig, "Catalytic Distillation," Chemical Processing (Feb. 1987), all of which
are hereby incorporated herein by reference as to all aspects relevant and material.
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To conduct their catalytic distillation-type reactions, the applicants fabricated a conventional pressure still with a
column prepared from a 3.5 foot (106.7cm) length of stainless steel pipe having a 1.6 inch (4.lcm) inside diameter. The
column was packed with approximately 1400 grams of catalyst and was set up to operate under increased pressure
with a back-pressure regulator used to control the same. The still was also arranged to be operated in batch or continuous
modes using common and known techniques. The temperatures and pressures of the reactions were as previously set
forth, with the pyridine base preferably just boiling at the conditions selected. For example, for pyridine to boil at a
temperature of 220°C, the pressure must be no greater than approximately 133 psig (9.164 x 10 ® Pa). Under these
conditions, a small stream of light ends comprising mostly pyridine with some piperidine and water was taken off the
column head at reflux and hydrogen was vented via the back-pressure regulator to maintain the desired pressure. In
the batch mode, the distillation still was preferably charged with an amount of pyridine and the reaction allowed to
proceed for a set period of time. Thereafter, the product-enriched reaction mixture (containing from about 18-27% by
weight 2,2'-bipyridyl) was removed from the bottom of the still and the 2,2'-bipyridyl was recovered using a conventional
fractionating column. In the continuous mode, a high reflux ratio was preferably maintained while liquid pyridine was fed
into the side of the column into the catalyst bed at about the same rate that the product-enriched reaction mixture was
removed from the bottom of the still. Alternatively, a separate fractionating column was established as part of the appa-
ratus to continuously recover the 2,2'-bipyridyl from the product mixture and return the unconverted pyridine base to the
reaction zone.

As with the tube reaction, the applicants have discovered that a very small amount of spiking additive can also be
used to activate and extend the useful life of their catalyst in this catalytic distillation reaction. To accomplish this, for
example, an amount of ammonium hydroxide was combined with the pyridine base fed into the column while hydrogen
gas was passed up through the catalyst bed with the refluxing pyridine vapor. Although the amounts used may vary
greatly, effective results have been observed with a feed containing only about 0.05% by weight concentrated ammonium
hydroxide solution and hydrogen gas bubbled at a rate of only about 6-10 cc/min as measured at the operating pressure
of the still. Using this procedure, the applicants have found that catalyst life has more thai doubled in many cases before
the need for separate reactivation. The applicants have further found that the catalyst, once reactivated as described
below, has performed effectively for almost twice as long as the same type of catalyst which was not treated in this
manner. These results are more completely discussed in the Examples below.

Inyet another aspect of the invention, it has been discovered that the deactivated catalysts can be effectively restored
to a large fraction of their former activities by treating them in situ or separately with increased amounts of the same
methanolic solution of sodium borohydride and ammonium hydroxide discussed previously in connection with spiking
the feed stream to the applicants' tube reactor. More particularly, this reactivation treatment has involved an additive
solution prepared by combining the amounts of these ingredients previously described which result in a solution com-
prising about 1.3% by weight sodium borohydride, about 28.0% by weight ammonium hydroxide and about 70.7% by
weight methanol. The restoration treatment using this solution is further discussed in the Examples below.

While the invention has been described in detail in the foregoing paragraphs, the same is to be considered as
illustrative and not restrictive in character, it being understood that only the preferred embodiments have been described
and that all changes and modifications that come within the spirit of the invention are desired to be protected. The
following specific Examples are given in further explanation and description of these embodiments, but are also meant
to be exemplary and not limiting thereof. For example, while these Examples only disclose the use of pyridine and 2-
and 4-methylpyridine as bases for the reactions, it is commonly known and understood by those of ordinary skill in this
art that numerous other suitable pyridine bases are available and will work effectively in the reductive coupling reaction
of the applicants' process. These additional bases particularly include the lower alkyls and other substituted pyridine
derivatives which at least have either their 2- or 6-ring positions available to undergo coupling to thereby produce their
corresponding 2,2'-bipyridyls. The term "pyridine base" as used herein is meant to include these many suitable base
materials which are accordingly within the intent and scope of the invention herein.

EXAMPLE 1

Tube Reactor Construction

A standard liquid-phase tube reactor for the applicants' process was constructed using a 4-inch (10.2cm) length of
3/4-inch (1.91cm) stainless steel tubing capped on each end with Swagelok caps. The reactor was immersed in a Techne
fluidized sand bath filled with alundum and a Barber-Coleman Limitrol controller was used to regulate the sand bath
temperature. The pyridine base was pumped through the reactor tube at the desired flow rate using a 250 ml positive
displacement single stroke piston pump, or the Eldex A-30-S previously described. The pyridine base entered the pump
through a Teflon tube with a 5 micron stainless steel filter on the end and exited the pump through 1/16-inch (0.16cm)
stainless steel tubing. This 1/16-inch (0.16¢cm) tubing was connected to separate 1/8-inch (0.32cm) stainless steel tubing
which led on to the reactor. A back-pressure regulator was used to control the pressure of the feed stream within the
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reactor which had a capacity of about 19.8 ml and was packed with the desired catalyst material. The product-enriched
reaction mixture then exited the reactor through 1/8-inch (0.32cm) tubing and was collected in 75 ml capacity Whitey
collection cylinders from which fractions could be taken and various components analyzed. The procedures and resulis
obtained using this tube reactor are further discussed in Examples 2 and 3 below.

EXAMPLES 2-15

Investigation of Various Catalysts

The liquid-phase tube reactor of Example 1 was used in several experimental runs to investigate the effectiveness
of various supported nickel catalysts in the applicants' preferred process as discussed previously. The reaction conditions
and results are set forth in Table | below, with temperature and pressure varying as indicated (it being understood that
the autogenous pressure of pyridine at 220°C, for example, is approximately 133 psig). The flow rates of feed through
the reactor were maintained at about 80 grams pyridine/hr for purposes of comparison, although other testing had been
performed using flow rates varying from about 40 up to about 500 grams pyridine/hr with acceptable 2,2'-bipyridyl yields
(see, e.g., Example 20). In addition to the initial activation from the manufacturer of each of the commercial catalysts,
which is expressed where available as a percentage by weight of the total nickel component, certain of these catalysts
were further reduced to maximize elemental nickel content either by direct activation through extended heating in a
stream of hydrogen gas in Examples 4, 5 and 11 or by pretreatment with an excess sodium borohydride/ammonium
hydroxide/methanol solution as previously described in Examples 6-9 and 12-15. The approximate elemental nickel
content in each of these treated catalysts as tested exceeded 75% and approached 100% by weight of their total nickel
component. The 2,2'-bipyridyl yield in each case is expressed as grams of 2,2'-bipyridyl produced per gram of catalyst
per hour ("g/g/h"). The pyridine base used as the feed stream in Examples 2-13 was pyridine itself, while the base in
Examples 14 and 15 was 2- and 4-methylpyridine, respectively. The corresponding recovered products were 2,2'-bipy-
ridyl in Examples 2-13, was 6,6'-dimethyl-2-2'-bipyridyl in Example 14, and was 4,4'-dimethyl-2,2'-bipyridyl in Example
15. In analyzing the results in Table 1, all of the catalysts tested produced acceptable yields of 2,2'-bipyridyl product
equal to or surpassing many prior art processes without the numerous problems in handling, scaling up to commercial
levels, and the like experienced with the Raney nickel materials. From the results in Table 1, the Calsicat E-230TR
catalyst was selected as representative for use in the further investigations reported in the Examples below.

EXAMPLE 16

Catalyst Lifetime Extension in Tube Reactor

Several runs were performed in this Example to test the possible extension of catalyst life and delay of deactivation
by use of an additive in the pyridine base feed to the tube reactor of Example 1. In particular, a pyridine feed was spiked
with an amount of additive comprising 0.1% by weight of a solution containing 1.3% by weight (0.6g) sodium borohydride,
28.0% by weight (12.6 ml) concentrated 29% ammonium hydroxide, and 70.7% by weight (40 ml) methanol as described
previously in the specification. Calsicat E-230TR was the catalyst used for this study at approximately 40% elemental
nickel as provided by the manufacturer, without any further pretreatment or activation. The reaction temperature was
maintained at 220°C and the back-pressure regulator was set at 200 psig (1.378 x 106 Pa). The flow rate observed was
about 80g pyridine/hr. In comparison against an unspiked control, the results confirmed that the inclusion of even this
very small amount of additive in the pyridine feed effectively improved catalyst activity and extended its useful life.
Without the spiked additive, the g/g/h conversion steadily decreased to about 0.086 after approximately 14 hours of
reaction. With only the 0.1% by weight of additive solution, a far more gradual decrease in activity was experienced with
a similar g/g/h conversion being maintained in excess of 25 hours of reaction.

In a second set of tests in which the amount of this additive in the pyridine feed was doubled to 0.2% by weight of
the above components, respective conversions of 0.126 g/g/h (unspiked) versus 0.147 g/g/h (spiked) were calculated
over approximately 8 hours of testing. This confirmed approximately a 16% increase in conversion, and corresponding
delay in deactivation, by simply doubling the spiked solution added to the feed stream entering the reactor.

EXAMPLE 17

Catalytic Pressure Still and Use

For use in the Examples to follow, a conventional pressure still with a distillation column was prepared from a 3
1/2-foot (106.7cm) length of stainless steel pipe having a 1-1/2-inch (3.8cm) outside diameter. The still was arranged to
operate under increased pressure and a back-pressure regulator was used. The still was also arranged using common
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and known techniques to be operated in a continuous mode if desired. Approximately 1400g of the Calsicat E-230TR
catalyst was divided into four parts, with each part of 350g beingfirstimmersed in 700 ml of distilled water with mechanical
stirring. A solution of 750 ml methanol containing 235 ml ammonium hydroxide and 11.25 g sodium borohydride was
added slowly, and each catalyst part was then stirred for 45 minutes in a pretreatment step to reduce a large percentage
certainly in excess of 75% of the total nickel content to its elemental state. Each solution was in turn decanted and the
catalyst washed with 4 x 500 ml portions of distilled water, and the catalyst was stored under distilled water until use.

The column was then packed with the pretreated Calsicat E-230TR catalyst and operated in a continuous mode
with liquid pyridine fed into the column near the top of the bed at about the same rate that the product-enriched reaction
mixture was removed from the reboiler at the bottom of the still. During this time, the catalyst in the column was maintained
at a temperature between about 215-225°C, and the pressure in the still was maintained at about 135 psig (9.30 x 108
Pa) which approximated the autogenous pressure of pyridine at this temperature range. A small stream of light ends
comprising mostly pyridine with some piperidine and water was also taken from the column head during reflux, and
excess hydrogen was vented off via the back pressure regulator. Midway through this testing, the catalyst was reactivated
in situ according to the procedure set forth in Example 19 below. The results obtained from these runs confirmed this
to be a highly effective process for producing 2,2'-bipyridyls in which the average conversion was 0.027 g/g/h over an
excess of 92 hours of operation. FIG. 1 illustrates these successful resulis based on data points obtained from actual
calculations of average conversions achieved over this extended period.

EXAMPLE 18

Catalyst Lifetime Extension in Distillation Reactor

The still apparatus of Example 17 was used in this experiment with pyridine remaining the base feed, except that
this stream was spiked with 0.05% by weight of a concentrated ammonium hydroxide solution. Gaseous hydrogen was
also passed up through the catalyst bed at a rate of about 6-10 cc/minute as measured at operating pressure in an effort
to improve and extend catalyst activity similar to that achieved in the tube reactor process of Example 16. The results
confirmed that this spiking solution in fact increased the rate of formation of 2,2'-bipyridyl while also extending effective
catalyst life. In this regard, the average conversion remained at the highly acceptable level of 0.048 g/g/h after in excess
of 187 hours of operation. Temperatures and pressures were maintained as in Example 17, and there was similarly one
reactivation of the catalyst in situ after about 100 hours of operation. The catalyst had also received a similar pretreatment
as in Example 17 to maximize the elemental nickel present on the support at the time the reaction began. The successful
results of this testing is shown graphically in FIG. 2 accompanying the specification.

EXAMPLE 19

Independent Reactivation of Catalyst

In this Example, the applicants sought to confirm their discovery for effectively reactivating their catalyst in situ or
separately in connection with both the tube reactor and the catalytic distillation still. For the catalyst used in the tube
reactions in Examples 2-16 above, in situ reactivation or regeneration was accomplished by pumping a solution con-
taining 1.3% by weight sodium borohydride, 28.0% by weight concentrated ammonium hydroxide and 70.7% by weight
methanol at ambient temperature and at pressures of about 75-200 psig (5.18 x 10 5 to 1.38 x 10 & Pa) through the
reactor for about 4-5 hours. Alternatively, the catalyst was removed from the tube reactor and reactivated separately in
a batch mode using a solution having the same composition. In the distillation reactors as used in Examples 17-18,
reactivation of catalyst was accomplished in situ by pouring a similar solution as described above down through the
catalyst bed in the column while a stream of nitrogen gas was bubbled up through the bed to increase agitation. In all
cases, this method of reactivation was successfully used in several runs to restore the applicants' catalysts substantially
to their initial levels of activity as confirmed by subsequent testing and comparison of relevant conversions achieved.

EXAMPLE 20

Investigation of High Flow Rates in Tube Reactor

In this Example, an amount of Calsicat E-230TR catalyst was initially activated by pretreatment with a solution
containing 1.3% by weight sodium borohydride, 28.0% by weight ammonium hydroxide, and 70.7% by weight methanol
according to procedures above in order to maximize the elemental nickel content prior to use. This catalyst was then
packed in the tube reactor of Example 1 and a pyridine feed containing 0.2% by weight of this same additive solution
was begun. The temperature and pressure were maintained at 220°C and 220 psig (1.52 x 10 & Pa), respectively, and
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the flow rate was increased to 500 g pyridine/hr (e.g. about 100 g pyridine base/ml catalyst/hr in space/time velocity)
with the resulting average conversion of 0.223 g/g/h over 31.4 hours of continuous operation. This experiment confirmed
that even though high flow rates may result in lower yields in a batch or single pass system, the increased throughput
through the reactor and decreased contact time of the 2,2'-bipyridyl product with the catalyst to cause deactivation or
fouling may yet be preferred as the overall space time conversion in terms of g/g/h may be increased over time in a
given reaction system.

EXAMPLE 21

Catalyst Preparation by Coprecipitation

As one example of an alternate method for preparing catalysts suitable for use in the applicants' inventive process,
a nickel-alumina catalyst was prepared at a constant pH using the coprecipitation method described in Kruissink, van
Reijen and Ross, J. Chem. Soc. Faraday Trans. |, 77, 649 (1981). A copy of this article accompanies this application
and is hereby incorporated herein by reference as to all relevant and material aspects. In particular, using the procedure
in this article, nickel and aluminum nitrates were used to prepare a 50% nickel-alumina coprecipitated catalyst which
was dried in air and calcined at 400°C. Before use, the catalyst was activated with treatment using a methanol solution
of sodium borohydride and ammonium hydroxide as used in earlier Examples. This catalyst was then tested with the
liquid-phase tube reactor and according to the procedures described Examples 1 and 2-15 above. Satisfactory yields
of 2,2'-bipyridyl from an original pyridine feed were obtained, affording a conversion at or above 0.110 g/g/h over an
extended period.
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A process for the preparation of 2,2'-bipyridyls, comprising the step of reacting a pyridine base in the presence of

1.

a nickel catalyst which comprises a significant amount of elemental nickel bound on a suitable support, said reacting
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being at a temperature of 200-240°C and a pressure sufficient to maintain at least some of the base in a liquid state
during said reacting.

The process of claim 1 wherein at least about 30% by weight of the nickel present on the support is in its elemental
state, and wherein said reacting is at a pressure about equal to or greater than the autogenous pressure of the
pyridine base at the temperature of said reacting.

The process of claim 2 wherein the catalyst comprises a total nickel content of about 40-60% by weight bound on
a heterogeneous, high-surface area support comprising alumina, silica, kieselguhr or a combination thereof.

The process of claim 3 wherein the catalyst is prepared by impregnating, precipitating or coprecipitating a suitable
nickel salt on the support material.

The process of claim 3 wherein at least about 75% by weight of the nickel present on the support is in its elemental
state.

The process of claim 5 wherein the catalyst is in the shape of pellets, spheres, extrusions ortablets in a size ranging
generally from about 1/16-1/4 inch (0.16-0.64cm) in diameter.

The process of claim 1 or 6 wherein said reacting is in a liquid phase tube reactor additionally comprising the steps
of charging the tube reactor with an amount of catalyst, bringing the charged reactor to the temperature and pressure
of said reacting, and feeding a stream of pyridine base therethrough at a flow rate of about 2-100 grams pyridine
base per ml catalyst per hour.

The process of claim 7 additionally comprising the steps of isolating and recovering the 2,2'-bipyridyl formed from
the product-enriched reaction mixture after said feeding.

The process of claim 8 additionally comprising the step of treating the catalyst with an activating solution containing
a borohydride salt and ammonium hydroxide.

The process of claim 9 additionally comprising the step of adding about 0.1-0.2% by weight of said treating solution
to the feed stream during said feeding.

The process of claim 10 wherein said reacting and said bringing are at a temperature between about 215-225°C
and at a pressure of at least about 130 psig (8.957 x10°5 Pa).

The process of claim 11 wherein the pyridine base in the feed stream comprises pyridine and the recovered product
is 2,2'-bipyridyl.

The process of claim 12 wherein the catalyst comprises a total nickel content of about 50-60% by weight bound on
a heterogeneous, high-surface area support comprising alumina.

The process of claim 13 wherein said reacting and said bringing are at a temperature of about 220°C and said
feeding comprises pumping the base through the charged and heated tube reactor.

The process of claim 1 or 6 wherein said reacting is in a catalytic distillation reactor and additionally comprises the
steps of charging a distillation column with an amount of catalyst, bringing the column to the temperature and pres-

sure of said reacting, and introducing a feed of pyridine base.

The process of claim 15 wherein fresh pyridine base is supplied to the column for reaction and the 2,2'-bipyridyl
formed in the catalyst bed is taken off the bottom of the column in the product-enriched reaction mixture.

The process of claim 16 additionally comprising the steps of isolating and recovering the 2,2'-bipyridyl formed from
the product-enriched reaction mixture.

The process of claim 17 additionally comprising the steps of adding at least about 0.05% by weight of ammonium
hydroxide to the feed stream and passing hydrogen gas up through the catalyst bed during the reaction.

11
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The process of claim 18 additionally comprising the step of treating the catalyst with an activating solution containing
a borohydride salt and ammonium hydroxide.

The process of claim 19 wherein said reacting and said bringing are at a temperature between about 215-225°C
and at a pressure sufficient to establish a high reflux ratio in the column.

The process of claim 20 wherein the pyridine base in the feed comprises pyridine and the recovered product is
2,2'-bipyridyl.

The process of claim 21 wherein the catalyst comprises a total nickel content of about 50-60% by weight bound on
a heterogeneous, high-surface area support comprising alumina.

The process of claim 22 additionally comprising the steps of isolating and recovering any by-products distilled off
the top of the column during the reaction.

The process of claim 1 or 6 additionally comprising the step of treating the catalyst with an activating solution con-
taining a borohydride salt and ammonium hydroxide.

The process of claim 24 wherein said treating is prior to said reacting.
The process of claim 24 wherein said treating is during said reacting.
The process of claim 24 wherein said treating is after said reacting.

The process of claim 24 wherein the pyridine base in the feed comprises pyridine and the recovered product is
2,2'-bipyridyl.

Patentanspriiche

1.

Verfahren zur Herstellung von 2,2'-Bipyridylen, bei dem eine Pyridin-Base in Gegenwart eines Nickel-Katalysators,
der eine signifikante Menge elementaren Nickel an einen geeigneten Trager gebunden aufweist, umgesetzt wird,
wobei diese Umsetzung bei einer Temperatur von 200 bis 240°C und einem Druck stattfindet, der ausreicht, wenig-
stens etwas der Base wahrend dieser Umsetzung im fllissigen Zustand zu halten.

Verfahren nach Anspruch 1, wobei wenigstens ungeféhr 30 Gew.-% des Nickels, das sich auf dem Trager befindet,
in seinem elementaren Zustand vorliegt, und wobei diese Umsetzung bei einem Druck stattfindet, der ungefahr
gleich oder gréBer als der Eigendruck der Pyridin-Base bei der Temperatur dieser Umsetzung ist.

Verfahren nach Anspruch 2, wobei der Katalysator einen Gesaminickelgehalt von ungefahr 40 bis 60 Gew.-% auf-
weist, das an einen heterogenen Trager mit groBer Oberflache gebunden ist, der Aluminiumoxid, Siliciumdioxid,
Kieselgur oder eine Kombination daraus umfaBt.

Verfahren nach Anspruch 3, wobei der Katalysator durch Impragnieren, Prazipitieren oder Coprazipitieren eines
geeigneten Nickelsalzes auf das Tragermaterial hergestellt wird.

Verfahren nach Anspruch 3, wobei wenigstens ungefahr 75 Gew.-% des Nickels, das sich auf dem Trager befindet,
in seinem elementaren Zustand vorliegt.

Verfahren nach Anspruch 5, wobei der Katalysator in Form von Pellets, Kugeln, Spritzgut oder Tabletten mit einer
GréBe von ungefahr 1/16 bis 1/4 Zoll (0,16 bis 0,64 cm) im Durchmesser vorliegt.

Verfahren nach Anspruch 1 oder 6, wobei diese Umsetzung in einem Flussigphasen-Rdhrenreakior stattfindet und
das Verfahren zusatzlich die Schritte umfaBt, daB der Réhrenreaktor mit einer Menge an Katalysator gefullt wird,
der geflllte Reaktor auf die Temperatur und den Druck dieser Umsetzung gebracht wird, und ein Strom der Pyri-
din-Base bei einer FluBrate von ungeféhr 2 bis 100 g Pyridin-Base pro ml Katalysator pro Stunde durchgefihrt wird.

Verfahren nach Anspruch 7, das zuséizlich die Schritte umfaBt, daB das gebildete 2,2'-Bipyridyl aus dem Reakti-
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onsgemisch, das an dem Produkt angereichert ist, nach dieser Zufuhr isoliert und gewonnen wird.

Verfahren nach Anspruch 8, das zuséatzlich den Schritt umfaBt, daf der Katalysator mit einer Aktivierungslésung
behandelt wird, die ein Borhydridsalz und Ammoniumhydroxid enthalt.

Verfahren nach Anspruch 9, das zusétzlich den Schritt umfaBt, da3 ungefahr 0,1 bis 0,2 Gew.-% dieser Behand-
lungslésung wahrend der Beschickung dem ZufluB zugesetzt werden.

Verfahren nach Anspruch 10, wobei diese Umsetzung und dieser Zusatz bei einer Temperatur zwischen ungefahr
215 bis 225°C und bei einem Druck von wenigstens ungefahr 130 psig (8,957 x10% Pa) erfolgen.

Verfahren nach Anspruch 11, wobei die Pyridin-Base im ZufluB Pyridin ist und das gewonnene Produkt 2,2'-Bipyridy|
ist.

Verfahren nach Anspruch 12, wobei der Katalysator einen Gesaminickelgehalt von ungefahr 50 bis 60 Gew.-% hat,
der an einen heterogenen Trager mit groBer Oberflache gebunden ist, der Aluminiumoxid aufweist.

Verfahren nach Anspruch 13, wobei diese Umsetzung und dieser Zusatz bei einer Temperatur von ungefahr 220°C
erfolgen und die Beschickung umfaBt, daB die Base durch den gefillten und geheizten Réhrenreaktor gepumpt wird.

Verfahren nach Anspruch 1 oder 6, wobei diese Umsetzung in einem katalytischen Destillationsreaktor stattfindet
und zusatzlich die Schritte umfaBt, daB eine Destillationss&ule mit einer Menge des Katalysators gefullt wird, die
Saule auf die Temperatur und den Druck dieser Umsetzung gebracht wird und eine Pyridin-Base eingespeist wird.
Verfahren nach Anspruch 15, wobei der Sdule zur Umsetzung frische Pyridin-Base zugeflhrt wird und das 2,2-Bipy-
ridyl, das in dem Katalysatorbett gebildet wurde, am Boden der Saule in Form des mit dem Produkt angereicherten

Reaktionsgemisches entnommen wird.

Verfahren nach Anspruch 16, das zusatzlich die Schritte umfaBt, daB das gebildete 2,2'-Bipyridyl aus dem mit dem
Produkt angereicherten Reaktionsgemisch isoliert und gewonnen wird.

Verfahren nach Anspruch 17, das zusétzlich die Schritte umfaBt, dafl dem ZufluB wenigstens ungefahr 0,05 Gew.-%
Ammoniumhydroxid zugesetzt werden, und dafl wahrend der Umsetzung Wasserstoffgas nach oben durch das

Katalysatorbett geleitet wird.

Verfahren nach Anspruch 18, das zusatzlich den Schritt umfaBt, daB3 der Katalysator mit einer Aktivierungslésung
behandelt wird, die ein Borhydridsalz und Ammoniumhydroxid enthalt.

Verfahren nach Anspruch 19, wobei diese Umsetzung und dieser Zusatz bei einer Temperatur zwischen ungefahr
215 bis 225°C und bei einem Druck stattfinden, der ausreicht, ein hohes Ricklaufverhaltnis in der Saule aufzubauen.

Verfahren nach Anspruch 20, wobei die Pyridin-Base im ZufluB3 Pyridin ist und das gewonnene Produkt 2,2'-Bipyridy|
ist.

Verfahren nach Anspruch 21, wobei der Katalysator einen Gesaminickelgehalt von ungefahr 50 bis 60 Gew.-% hat,
der an einen heterogenen Trager mit groBer Oberflache gebunden ist, der Aluminiumoxid aufweist.

Verfahren nach Anspruch 22, das zuséatzlich die Schritte umfaBt, daf samtliche Nebenprodukte, die am Kopf der
Saule wahrend der Umsetzung abdestillieren, isoliert und gewonnen werden.

Verfahren nach Anspruch 1 oder 6, das zusatzlich den Schritt umfaBt, daf3 der Katalysator mit einer Aktivierungs-
I6sung behandelt wird, die ein Borhydridsalz und Ammoniumhydroxid enth&lt.

Verfahren nach Anspruch 24, wobei diese Behandlung vor dieser Umsetzung stattfindet.
Verfahren nach Anspruch 24, wobei diese Behandlung wahrend dieser Umsetzung stattfindet.

Verfahren nach Anspruch 24, wobei diese Behandlung nach dieser Umsetzung stattfindet.
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Verfahren nach Anspruch 24, wobei die Pyridin-Base im ZufluB3 Pyridin ist und das gewonnene Produkt 2,2'-Bipyridy|
ist.

Revendications

10.

11.

12.

13.

14.

15.

Procédé de production de 2,2'-bipyridyles, comprenant I'étape de réaction d'une base pyridique en présence d'un
catalyseur au nickel qui comprend une quantité importante de nickel élémentaire lié & un support convenable, cette
réaction étant conduite a une température de 200-240°C et sous une pression suffisante pour maintenir au moins
une certaine quantité de la base dans un état liquide au cours de la réaction en question.

Procédé suivant la revendication 1, dans lequel le nickel présent sur le support est a I'état élémentaire en proportion
d'au moins environ 30 % en poids, et dans lequel la réaction en question est conduite & une pression approxima-
tivement égale ou supérieure a la pression autogéne de la base pyridique a latempérature de la réaction en question.

Procédé suivant la revendication 2, dans lequel le catalyseur présente une teneur totale en nickel d'environ 40 a
60 % en poids lié & un support hétérogéne de grande surface spécifique comprenant de I'alumine, de la silice, du
kieselguhr ou un mélange de ces matiéres.

Procédé suivant la revendication 3, dans lequel le catalyseur est préparé par imprégnation, précipitation ou copré-
cipitation d'un sel de nickel convenable sur la matiére de support.

Procédé suivant la revendication 3, dans lequel le nickel présent sur le support est en proportion d'au moins environ
75 % en poids a I'état élémentaire.

Procédé suivant la revendication 5, dans lequel le catalyseur est sous la forme de pastilles, de sphéres, de corps
extrudés ou de comprimés en particules de diamétre compris dans la plage d'environ 1/16 2 1/4in (0,16 2 0,64 cm).

Procédé suivant la revendication 1 ou 6, dans lequel la réaction en question est conduite dans un réacteur tubulaire
a phase liquide, comprenant en outre les étapes consistant a charger dans le réacteur tubulaire une quantité de
catalyseur, a porter le réacteur chargé a la température et a la pression de la réaction, et a faire arriver un courant
de base pyridique dans le réacteur & une vitesse d'écoulement d'environ 2 & 100 grammes de base pyridique par
millilitre de catalyseur par heure.

Procédé suivant la revendication 7, qui comprend en outre les étapes consistant a isoler et recueillir le 2,2'-bipyridyle
formé du mélange réactionnel enrichi en produit, aprés l'arrivée du courant en question.

Procédé suivant la revendication 8, qui comprend en outre I'étape consistant & traiter le catalyseur avec une solution
d'activation contenant un borohydrure et de I'hydroxyde d'ammonium.

Procédé suivant la revendication 9, qui comprend en outre |'étape consistant & ajouter environ 0,1 & 0,2 % en poids
de la solution de traitement au courant de charge pendant l'arrivée de ce courant.

Procédé suivant la revendication 10, dans lequel la réaction est conduite & une température comprise entre environ
215 et 225°C et & une pression manométrique d'au moins environ 130 Ib/in2 (8957 x 105 Pa).

Procédé suivant la revendication 11, dans lequel la base pyridique dans le courant chargé comprend de la pyridine
et le produit recueilli est le 2,2'-bipyridyle.

Procédé suivant la revendication 12, dans lequel le catalyseur comprend une teneur totale en nickel d'environ 50
& 60 % en poids lié sur un support hétérogéne de grande surface spécifique comprenant de l'alumine.

Procédé suivant la revendication 13, dans lequel la réaction est conduite a une température d'environ 220°C et
I'amenée de la charge comprend le pompage de la base & travers le réacteur tubulaire chargé de catalyseur et

chauffé.

Procédé suivant la revendication 1 ou 6, dans lequel la réaction est conduite dans un réacteur de distillation cata-
lytique et comprend en outre les étapes consistant & charger dans une colonne de distillation une quantité de

14
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catalyseur, a porter la colonne a la température et a la pression de la réaction et a introduire une charge de base
pyridique.

Procédé suivant la revendication 15, dans lequel de la base pyridique neuve est amenée a la colonne en vue de
sa réaction et le 2,2'-bipyridyle formé dans le lit de catalyseur est soutiré a la base de la colonne dans le mélange

réactionnel enrichi en produit.

Procédé suivant la revendication 16, comprenant en outre les étapes qui consistent & isoler et a recueillirdu mélange
réactionnel enrichi en produit le 2,2'-bipyridyle formé.

Procédé suivant la revendication 17, qui comprend en outre les étapes consistant a ajouter au moins environ 0,05
% en poids d'hydroxyde d'ammonium au courant de charge et a faire monter I'hydrogéne gazeux a travers le lit de

catalyseur pendant la réaction.

Procédé suivant la revendication 18, qui comprend en outre I'étape de traitement du catalyseur avec une solution
d'activation contenant un borohydrure et de I'hydroxyde d'ammonium.

Procédé suivant la revendication 19, dans lequel la réaction est conduite & une température comprise entre environ
215 et 225°C et & une pression suffisante pour établir un haut rapport de reflux dans la colonne.

Procédé suivant la revendication 20, dans lequel la base pyridique présente dans la charge comprend de la pyridine
et le produit recueilli est le 2,2'-bipyridyle.

Procédé suivant la revendication 21, dans lequel le catalyseur comprend une teneur totale en nickel d'environ 50
& 60 % en poids lié & un support hétérogéne a grande surface spécifique comprenant de l'alumine.

Procédé suivant la revendication 22, qui comprend en outre les étapes consistant a isoler et recueillir tous sous-pro-
duits séparés par distillation a la partie supérieure de la colonne pendant la réaction.

Procédé suivant la revendication 1 ou 6, qui comprend en outre |'étape consistant a traiter le catalyseur avec une
solution d'activation contenant du borohydrure et de I'hydroxyde d'ammonium.

Procédé suivant la revendication 24, dans lequel le traitement est conduit avant la réaction en question.
Procédé suivant la revendication 24, dans lequel le traitement est conduit pendant la réaction en question.
Procéeé suivant la revendication 24, dans lequel le traitement est conduit aprés la réaction en question.

Procédé suivant la revendication 24, dans lequel la base pyridique présente dans la charge comprend de la pyridine
et le produit recueilli est le 2,2'-bipyridyle.

15



EP 0 454 731 B1

001

(SHNOH) 3NIL
05

0b

0

00100
-G210°0
-0610°0
-GL10°0
100200
-6220°0
-0520°0
-6120°0
-00£0°0
-§2€0°0
-06€0°0
-6 1£0°0
r000°0

~Ge00
1 0G¥0°0

16



EP 0 454 731 B1

(SUNOH) ML
AL 06 Up W09 03l O o G ol oM 05 0B o 09 08 W of ® oo o

-61€0°0
-000%'0
-05240
06400
. : -G 16070

r0050°0
G¢G0°0
0550°0
G160°0

« * [0090°0
: +6¢90°0

N.wﬁ | 059070

6190°0
100200

17



	bibliography
	description
	claims
	drawings

